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 We derive in a simple manner and from first principles the Inglis’s semi-classical 
phenomenological cranking model for nuclear collective rotation.  The derivation transforms the 
nuclear Schrodinger equation (instead of the Hamiltonian) to a rotating frame using a product 
wavefunction and imposing no constraints on either the wavefunction or the nucleon motion.  
The difference from Inglis’s model is that the frame rotation is driven by the motions of the 
nucleons and not externally.  Consequently, the transformed Schrodinger equation is time-
reversal invariant, and the total angular momentum is the sum of those of the intrinsic system 
and rotating frame.  In this article, we choose the rotation of the frame to be given by a 
combination of rigid and irrotational flows.  The dynamic angular velocity of the rotating frame 
is determined by the angular momentum of the frame and by a moment of inertia that is 
determined by the nature of the flow combination.  The intrinsic-system and rotating-frame 
angular momenta emerge to have opposite signs.  The angular momentum of the rotating frame 
is determined from requiring the expectation of the total angular momentum to have a given 
value.  The transformed Schrodinger equation has, in addition to the Coriolis energy term, a 
rigid-flow type kinetic energy term that is absent from the conventional cranking model 
Schrodinger equation.  Ignoring the relatively small effect of the fluctuations in the angular 
velocity and for a self-consistent deformed harmonic oscillator mean-field potential, the resulting 
Schrodinger equation is solved for the ground-state rotational band excitation energy and 
quadrupole moment in different configurations of 2010 Ne  and the results are compared with those 
of the conventional cranking model and empirical data.   
PACS number: 21.60.Ev, 21.60.Fw, 21.60.Jz 
Keywords: multi-particle rotation; microscopic cranking model; canonical transformation; 
dynamic angular velocity; time-reversal invariance; self-consistency 
1. Introduction 
 The self-consistent cranking model [1,2] is frequently used to study collective rotational 
properties of deformed nuclei [3-26 and references therein].  The model assumes that the 
anisotropic nuclear potential V is rotating at a constant angular frequency cr�  about x or 1 axis.  
The model time-dependent Schrodinger equation: 
      cr cr cri Ψ H  Ψt�            (1) 
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where: 
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and R is an orthogonal matrix and nr�  is the particle coordinates relative to the rotating frame, is 
then unitarily transformed to the rotating frame: 
      
)cri (ω L E t /cr crΨ e Φ�� ��            (3) 
 to obtain the stationary cranking model equation: 
     � �cr cr cr cr cr crH H L E� � � �� � � � � �           (4) 
where L is the angular momentum operator.  The angular frequency cr�  is then determined by 
requiring crΨ  or crΦ to have a given value J of the angular momentum: 
      cr crJ L� � ��             (5) 
The energy crE  in a space-fixed frame is then given by: 
   cr cr cr cr cr cr cr cr cr cr crE H H L E L� � � � � � � �� � � � � � �         (6) 
The physical or dynamical moment of inertia dI  is then given, at each value J, by the excitation 
energy JE : 
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�            (7) 
       0J JE E E            (8) 
 Because in the cranking model the rotation is externally driven, the model is semi-classical 
and phenomenological in nature, and Eq. (4) is time-reversal non-invariant.  It is desirable to 
have a model where the rotation is driven by the motions of the nucleons themselves instead of 
externally, i.e., it is desirable to derive the model microscopically, as suggested in [2,4,5,7, 
12,18].  In several studies starting from first principles, Eq. (4) was derived using canonical 
transformation, projection and generator-coordinate methods using various approximations such 
as redundant coordinates, large deformations, expansion in power of the angular momentum, etc. 
[4,5,12,18, 27-30]. 
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 In this article, we derive the conventional cranking-model Schrodinger equation from first 
principles in a relatively simple manner using a canonical transformation to a rotating frame 
defined by the motions of the nucleons themselves without imposing any constraints on the 
wavefunction or the particle coordinates.  The resulting microscopic cranking-model 
Schrodinger equation resembles closely Eq. (6), with a rotation angular velocity that depends on 
the nucleon coordinates, and with a total angular momentum that is the sum of those of the 
intrinsic system and rotating frame similar to that in the phenomenological nuclear rotor model 
and generalizing Eq. (5).  In this article, the rotating-frame rotation is chosen to have a combined 
rigid and irrotational flow character.  The functional form of the kinematic moment of inertia 
associated with the rotating frame depends on the nature of this combination.   
 In Section 2, we present the derivation of the microscopic cranking-model Schrodinger 
equation and compare it to the conventional cranking model.  In Section 3, we solve the 
microscopic cranking-model Schrodinger equation using a self-consistent single-particle mean-
field deformed harmonic oscillator potential, and compare the results with those of the 
conventional cranking model and experiments for the nucleus 2010 Ne  .  Section 4 presents 
concluding remarks.    
2. Derivation of microscopic cranking model  
The microscopic cranking model is derived by transforming the nuclear Schrodinger 
equation (instead of the Hamiltonian) to a reference frame rotating about the x or 1 axis, defined 
by the collective Euler angle � �� njx  and using the product wavefunction similar to that in [31]: 
 
       � � � �njG x� � �� �             (9) 
where n jx ( 1�n ,...,A; 1 2 3 where nuclear mass number)� �j , , ,  A are the space-fixed nucleon co-
ordinates.  Applying 
n jx
�
�  and 
2
2
n jx
�
�  to �  in Eq. (9), we obtain: 
    � ��� � �� �� � �n j n j n j
G Gx x x             (10) 
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� � � � �� � � �� � � � �
� �� � � � � � � �� � � � � � �� �� �� � � � � � � �� �
n j n j n j n j n j
n j n j n j n j n j
G G Gx x x x x
G G Gx x x x x
        (11) 
Substituting Eq. (11) into the Schrodinger equation:  
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1
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n j
n , j
H p V EM� � ��
� �� � � � �� �� ��          (12)  
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we obtain: 
          
2 2
2n j n j n j n j
G GG H EM x x M x x
� � � �� � �� � �
� �� � � � � � �� � � � � � � � � � �� �� �� � � � � � �� �
� �
      (13) 
 Because the rotation of the frame through the angle �  is generated by the particle motions, 
we can consider the angular momentum operator component L  along x or 1 axis and �  to be a 
canonically conjugate pair, satisfying the commutation relation: 
� � � �,� ��� � � � � � �� n nz n nynL i L y p z p i� �        (14) 
Substituting Eq. (14) into Eq. (13), we obtain: 
 
             � �1 1
2njnj njn j n j n j
G H L G p L L G EM x M x x
� � �� � � �� �� � �� � � � � � � � � � � � � �� �� �� � �� �� �       (15) 
Next we assume that G is an eigenstate of L : 
      
� ����i l iLe e�          (16) 
where ��  is the angular momentum associated with the rotating frame. �  is determined in 
Subsections 2.1 and 2.2.  Substituting Eq. (16) into Eq. (15), we obtain: 
 
             
2 2
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nj njn j n j n j
nj n j n j
H pM x M x x
L EM x x
� � � � �� � �
� � �� �
� � �� � � � � � � � �� � �
� �� �� � � � � � �� �� �� �� �
� �
�
� �
�       (17) 
We now choose �  to satisfy the relation (for rotation about x or 1 axis only): 
    
2
1
jk nk
kn j
xx
� �
�
� �� � ,  0 for , 2,3j k j k� � �         (18) 
The 3x3 matrix �  can be chosen to be a sum of different types of matrices, each describing 
different types of physical motions such as rigid, irrotational, and non-quadrupole type flow 
regimes described in [32-34].  These options ise explored in more detail in part II of this article.  
In this article, we choose �  to be the sum of a symmetric and an antisymmetric matrices so that 
the non-zero elements of �  are 23 2 3 32 2 3,� � � � � �� � � � �and .  We choose 3 2� � �� �  and 
hence: 
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    � � � �23 2 32 21 , 1� � � � � �� � � � � � �and         (19) 
Substituting Eq. (19) into � �,� �L i �  in Eq. (14), we obtain: 
     � � 1 12� � � �� �� � � � � �I I I          (20) 
where: 
    � �2 2� � �� n n
n
y zI ,     � �2 2� � �� n n
n
y zI         (21) 
Substituting Eqs. (18) and (19) into Eq. (17), we obtain: 
  
� � 2 2 22
2 2 2
2
11
2
2 1
n n
n
H L TM M
i y z EM
� � �� � �
� � �� � �
�
�
� � ��� � � � � � � � �� � �� ��
�� ��� � � � � � ��� �� � ��
� �
�
II I I
II I
      (22) 
where T is a linear shear operator, generating a linear irrotational flow, and defined by: 
     � �� �� n nz n ny
n
T y p z p          (23) 
 We note that the second term on the left-hand-side of Eq. (22) is the cranking or Coriolis 
energy term.  This term comes from the second term on the left-hand-side of Eq. (17), which 
represents the interaction between the rotating frame and intrinsic motion.  The remaining terms 
on the left-hand-side of Eq. (22) arise from centrifugal stretching effect and fluctuations in the 
rotating-frame angular velocity.  These remarks and those in [35] hopefully provide better 
understanding of the forces involved in the rotational motion. 
2.1 Rigid-flow rotating frame   
 For 0� � , Eq. (22) reduces to:        
    
2 2
2
H L EM M
� � � �
� �
� �� � � � �� �� �
� �
I I          (24) 
where �MI  is the rigid-flow moment of inertia and commutes with L.  Expressed in terms of the 
rigid-flow angular frequency �rig  of the rotating frame: 
     
��
�
�rig M
�
I ,          (25) 
Eq. (24) becomes: 
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21
2rig rig
H L M E� � � ��� �� � � � �� �� �I          (26) 
Eq. (26) resembles the conventional cranking model equation in a space-fixed frame given 
in  Eq. (6) but differs from Eq. (6) by the rigid-flow kinetic energy term (third term on the left-
hand-side of Eq. (26)) and by the microscopically defined �rig  instead of the constant parameter 
�cr  in Eq. (6).  Eq. (26) also differs from the cranking model in the rotating frame in Eq. (4) by 
the aforementioned terms and by the sign of �rig  term (note that the microscopic cranking model  
solves Eq. (24) whereas the conventional cranking model solves Eq. (4) and not Eq. (6)).         
Eq. (26) is time-reversal invariant whereas Eq. (6) is not. 
Another difference is that, in the microscopic cranking model, the rotating frame angular 
momentum ��  in Eq. (25) is determined by requiring the expectation of the total angular 
momentum operator L with respect to the wavefunction �  in Eq. (9) to have the experimentally 
observed rotational-band excited-state angular momentum value  J�  1: 
    rigJ L G L G L l M l� � � �� � � � � � �� � � � � � � �I       (27) 
where: 
       l L� � ��                      (28) 
The prescription in Eq. (27) differs from that in Eq. (5) for the conventional cranking model by 
the angular momentum ��  of the rotating frame.  
 It follows from Eq. (27) that, in the microscopic cranking model, �  (and hence rig� ) and l  
can have different signs, and hence the rotating frame and the intrinsic system may rotate in 
opposite directions, unlike that in the conventional cranking model but similarly to that in the 
phenomenological nuclear rotor model [4,6,12,35].  
 The excitation energy and physical or dynamic moment of inertia are defined in Eqs. (7) 
and (8).  The rigid-flow moment of inertia �I  in Eqs. (24)-(26) may be called the kinematic 
moment of inertia. 
The above-stated differences between the microscopic and conventional cranking models 
generate  some significant differences in the predictions of the two models as is demonstrated in 
Section 4.  
                                                             
1 The value of �  determined by Eq. (27) is an approximation to the integer value of �  needed to ensure that  �  is 
single-valued. 
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2.2 Rigid-plus-irrotational flow rotating frame 
 For 0� � , Eq. (22) generalizes the microscopic cranking model Eq. (24) or (26) to include 
linear shear flow kinematics.  Because �  is expected to be less than unity, the kinematic moment 
of inertia MI  is expected to be relatively large, and the off-diagonal element of the quadrupole 
tensor � n n
n
y z  is expected to be relatively small, we may ignore most of the terms in the third 
and fourth terms on the left-hand-side in Eq. (22).  In fact, if we choose �  such that: 
     � �21 0� � �� � � � �I I          (29) 
all the � -dependent quantities in the brackets in the third and fourth terms on the left-hand-side 
of Eq. (22) would vanish identically2.  Therefore, in this article, we ignore these terms, and      
Eq. (22) reduces to: 
     � � 21
2rs rs
H L T M E� � � � �� �� � � � � � �� �� �I         (30) 
where the rigid-plus-shear angular frequency�rs of the rotating frame is defined by: 
      
�� �rs M
�
I ,          (31) 
The order of the appearance of the operators in the second term on the left-hand-side in Eq. (30) 
is immaterial because we can readily show that: 
� �, 0L T�� � �I          (32) 
for any c-number � . 
 The excitation energy and physical or dynamic moment of inertia are defined in Eqs. (7) 
and (8).  The variable I  in Eqs. (30) and (31) may be called the kinematic moment of inertia. 
 As in the rigid-flow rotating-frame case in Eq. (27), the rotating frame angular momentum 
��  in Eqs. (30) and (31) is determined by requiring the expectation of the total angular 
momentum operator L with respect to the wavefunction �  in Eq. (9) to have the experimentally 
observed rotational-band excited-state angular momentum value  J� 3: 
                                                             
2 Substituting the expression in Eq. (20) for I  into Eq. (29) and solving the resulting equation for � , we obtain 
� � �� I I  yielding  2� � �� �I I I I , which is the rigid-flow moment of inertia reduced by the irrotational-
flow moment of inertia.   
3 The value of �  determined by Eq. (25) is an approximation to the integer value of �  needed to ensure that  �  is 
single-valued. 
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   rsJ L G L G L l M l� � � �� � � � � �� � � � � � � �I        (33) 
where: 
      l L� � ��                       (34) 
The prescription in Eq. (33) differs from that in Eq. (5) for the conventional cranking model by 
the angular momentum ��  of the rotating frame.  
 It follows from Eq. (33) that, in the microscopic cranking model, �  (and hence rs� ) and l  
can have different signs, and hence the rotating frame and the intrinsic system may rotate in 
opposite directions, unlike that in the conventional cranking model. 
 The above-stated differences between the microscopic and conventional models generate  
some significant differences in the predictions of the two models as is demonstrated in Section 4. 
3. Solutions of Eqs. (4), (26), and (30) 
In this section, we determine the solutions of Eqs. (4), (26), and (30) for a mean-field 
deformed harmonic oscillator Hamiltonian: 
22 23
2 2 2 231 2
1
1
2 2 2 2
N ,
n j n n n
n, j n n n
MM MH p x y zM
�� �
�
� � � �� � � �        (35) 
3.1 Solution of conventional cranking model Eq. (4) 
 The solution to Eq. (4) has been obtained by a number of authors [36-40] using a canonical 
or unitary transformation to eliminate the cross terms n nzy p  and n nyz p , and obtain the 
transformed harmonic oscillator Hamiltonian: 
22 23
2 2 2 231 2
1
1
2 2 2 2
N ,
cr n j n n n
n , j n n n
MM MH p x y zM
�� �
�
� � � �� � � �        (36) 
and the energy eigenvalue in the rotating frame: 
     1 1 2 2 3 3crE � � � � � �� � �� � �          (37) 
where: 
2 2 2 4 2 2 2 2 2 4 2 2
2 38 , 8cr cr cr cr� � � � � � � � � � � �� � � � � �� � � � � � � �          (38) 
2 2
2 2 3
2
� ��� �� , 
2 2
2 2 3
2
� ��� �� � �
0
, 1 2
kf
k
n
k k
n
n�
�
� ��         (39) 
The energy in the space-fixed frame is then given in Eq. (6). 
9 
 
For crH in Eq. (35) to approximate a Hartree-Fock mean-field Hamiltonian, the 
frequencies ( 1 2 3)k k , ,� � are chosen to minimize the energy crE in Eq. (37) with respect to k�  at 
each fixed value of J and hence of cr�  given by the constraint in Eq. (5), and subject to a 
constant nuclear-quadrupole-volume condition: 
     
2 2 2
ox y z c           (40) 
where 2 2k cr nk cr
n
x x� � .  This minimization yields a self-consistency between the shapes 
of the nuclear equi-potential and equi-density surfaces [7,36-39].   The minimization stated 
above is performed numerically [38,39].  
3.2 Solution of microscopic cranking Eqs. (26) and (30) 
The variable 1�I  in �rs  in Eqs. (30) and (31) is a many body operator.  Therefore, to find 
a solution of Eq. (30), we may regard I  as an independent dynamical collective variable and 
transform Eq. (30) to I using the method suggested in [41-43].  This approach would account 
for the interaction of fluctuations in I with the rotation.  In this article, however, we solve      
Eq. (30) by replacing I by its expectation value in the state � : 
      
o o o� � � � � �I I I I I I        (41) 
Thereby suppressing fluctuations in I and rs�  in Eq. (31) and their interaction with the 
collective rotation.  This approximation is justified because oI is relatively large ( 35� � ) and 
varies  gradually from state to state.  Eqs. (30) and (31) then become: 
     � � 21
2
o
rs rsH L T M E� � � � �� �� � � � � � �� �� �I        (42) 
        rs oM
�� � �I ,          (43) 
From the statement in footnote 1, �  may then be considered to be a function of o o� �I I .  
We may also determine �  from a minimization of the energy E in Eq. (42) with respect to � . 
 The solution of Eq. (42) is obtained similarly to that of Eq. (4) in Subsection 3.1 (and 
specialized to the solution of Eq. (26) by setting �  to zero).  We then obtain the transformed 
harmonic oscillator Hamiltonian: 
22 23
2 2 2 231 2
1
1
2 2 2 2
N ,
n j n n n
n, j n n n
MM MH p x y zM
�� �
�
� � � �� � � �        (44) 
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and the energy eigenvalue in the rotating frame: 
    
2
1 1 2 2 3 3
1
2
o
rsE E M� � � � � � �� � � � �� � �I        (45) 
where: 
       
2 2 2 2 4 2 2 2 2 2 2 4 2 2
2 3(1 ) 8 , (1 ) 8cr cr� �� � � � � � � � � � � � � �� � � �� � � � � � � � � � � � � �       (46) 
where k�  are defined in Eq. (39), and: 
      
2 2 2
�� � � �� �� � �          (47) 
The energy in the space-fixed frame is then given by: 
    
2
1 1 2 2 3 3
1
2
o
rsE M� � � � � � �� � � �� � �I         (48) 
For H in Eq. (44) to approximate a Hartree-Fock mean-field Hamiltonian, the frequencies 
( 1 2 3)k k , ,� � are chosen to minimize the energy E  in Eq. (48) with respect to k�  at each fixed 
value of J and hence of rs�  and oI  given by the constraint in Eq. (33), and subject to a constant 
nuclear-quadrupole-volume condition: 
     
2 2 2
ox y z c           (49) 
where 2 2k nk
n
x x� � .  This minimization yields a self-consistency between the shapes of 
the nuclear equi-potential and equi-density surfaces [7,36-39].   The minimization stated above is 
performed numerically as in [38,39].  
4. Model predictions for 2010 Ne  
In this section we present the results of the application of the microscopic cranking model 
as described in Sections 2.1, 2.2 and 3.2 to the nucleus 2010 Ne  and compare these results with 
those of the conventional cranking model in Sections 1 and 3.1. 
For 2010 Ne , we use the deformed harmonic oscillator nucleon-occupation configuration 
� � � �1 2 3, , 14,14, 22� � � � , with the spherical harmonic oscillator frequency 1/335.4o A� �� ��  
MeV as in [37,38].   
11 
 
4.1 Rigid-flow rotating frame 
For the rigid-flow rotating-frame case described in Section 2.1 (i.e. for 0� � ), we have 
performed model calculations using various configurations for 2010 Ne  to learn how the model 
behaves.  We present the results of this survey and possible physical explanations for the results.   
Fig 1 compares the excitation energy JE  observed empirically and predicted by the 
microscopic and conventional cranking models when the k� ’s are kept constant at their ground-
state (i.e., 0J � ) self-consistent values (i.e., the nucleus remains prolate at all J values).  Fig 1 
shows that the microscopic cranking model predicts well the excitation energy whereas the 
conventional cranking model predicts a lower JE .  The excitation energy in all cases increases 
with J except at J = 8, the empirically observed JE  is significantly lower than that predicted by 
either of the models.  This difference may be attributed to a Coriolis-force induced quasi-particle 
re-alignment not included in the models.  We note that in this case the rotational band does not 
terminate at J = 8 in either the microscopic or conventional cranking model.  
Fig 2 shows that the measured quadrupole moment oQ  decreases monotonically with J and 
there is a sharp drop in oQ  at J = 8 when the nucleus presumably becomes symmetric about the 
rotation axis (i.e., when 2 3and� �  become equal).  The microscopic and conventional cranking 
models predict lower oQ  , which decreases up to J = 5 in the microscopic and up to J = 8 in the 
conventional cranking models, and increases above these J values (the increase in oQ  for the 
cranking model is not included in Fig 2).     
The intrinsic angular momentum predicted by the microscopic model decreases from about 
5 at 2 to 9 at 8J J� � � �� � , and in this range of J, the angular momentum of the rotating frame 
increases from 8 to16.5� � .  The predicted rotational band terminates above J = 23 when the 
intrinsic oscillator frequency 3�  vanishes and hence the model governing equations have no 
solutions.   These results indicate that, to predict the observed change in the nucleus shape (i.e., 
oQ ) the microscopic cranking model must account for nuclear volume conservation at all J 
values. 
Figs 3 and 4 show respectively the excitation energies and quadrupole moment when we 
use k� ’s determined self-consistently at all J values.  The conventional cranking model predicts 
higher JE  above J = 4, and a oQ  that decreases similarly to the observed  oQ  up to J = 8, at 
which point the nucleus becomes axially symmetric about the rotation axis (i.e., 2 3and� �  
become equal) and the rotational band terminates.  The microscopic model predicts significantly 
higher JE , and a oQ  that decreases rapidly up to J = 5 and increases slightly thereafter.   
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Fig 5 and 6 show respectively the excitation energies and quadrupole moment for the 
nucleon-occupation configuration changed to � � � �1 2 3, , 14,14,16� � � � .  The microscopic model 
predicts quite well JE .  The model predicted much lower oQ  , as expected, but it decreases 
gradually with J.  The intrinsic angular momentum is nearly constant at 2� �  and the rotating-
frame angular momentum increases from 3 to10� � . 
The differences between the results presented in Figs 1 and 2 and those in Figs 3 and 4 
(and also those in Figs 5 and 6) seem to indicate that in the cranking model the values of JE  
and oQ  are determined significantly more by changes in the nuclear shape (i.e., by changes in  
k� ’s  of the potential energy) than by changes in the kinetic energy.  
The results presented above show that the microscopic cranking model predicts somewhat 
similar results to those of the conventional cranking model.  However, in the microscopic 
cranking model, the rotations of the intrinsic system and rotating frame are in opposite 
directions, and the intrinsic system angular momentum reaches its limiting value at lower J value 
than in the conventional cranking model.       
 4.2 Rigid-plus-irrotational flow rotating frame 
 For the rigid-plus-linear irrotational flow case described in Section 2.2 (i.e. for 0� � ), the 
model predicts results very close to those of the rigid-flow case in Subsection 4.1.  Therefore, 
adding linear irrotational flow rotation component to the rigid-flow rotation of the rotating frame 
does not have a significant effect on the results of the  rigid-flow case.  This weak impact on the 
model results arises from near cancellation of the � -dependent terms in the model governing 
equations.   
 Therefore, in part II of this article, we study the impact of other flow regimes, such as the 
non-quadrupole rotation, to obtain better agreement with experiment. 
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5. Concluding remarks 
 The phenomenological semi-classical conventional cranking model is often used to study 
rotational properties of nuclei.  In view of its importance in nuclear structure studies it is 
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desirable to have a  better understanding of the assumptions and approximations that underlie the 
model derivation.  In the hope of achieving this objective, we attempt, in this article, to derive 
the model in a relatively simple manner from first principles.  We simply transform the nuclear 
Schrodinger equation (instead of the Hamiltonian) to a rotating reference frame using a product 
wavefunction and imposing no constraints on either the wavefunction or the particle coordinates.  
The rotation of the reference frame is generated by the motions of the nucleons, instead of being 
imposed externally as in the conventional cranking model.  As a consequence, the microscopic 
model Schrodinger equation is time reversal invariant unlike the conventional model.  In this 
article, the rotation of the reference frame is chosen to be determined by a combination of rigid 
and irrotational flows. 
 The resulting transformed Schrodinger equation resembles that of the conventional 
cranking model in a space-fixed frame.  However, the angular velocity in the microscopic model 
is not an constant parameter but is a dynamical variable determined by angular momentum of the 
rotating frame and a kinematic moment of inertia the nature of which is determined by the 
aforementioned flow combination. The angular momentum of the rotating frame is determined 
by equating the angular momentum of a member state of a rotational-band to the predicted 
expectation value of the total angular momentum.  This expectation is a sum of the angular 
momenta of the rotating frame and intrinsic system.  It turns out that the rotation of the intrinsic 
system and rotating frame are in the opposite directions.  Furthermore, the transformed 
Schrodinger equation has, in addition to the Coriolis energy term, a rigid-flow type kinetic 
energy term that is absent from the conventional cranking model Schrodinger equation. 
 In this article, we suppress the fluctuations in the angular velocity and their coupling to the 
intrinsic motion by replacing the kinematic moment of inertia by its expectation value in each 
angular momentum state.  This approximation is justified because the impact of the fluctuations 
can be shown to be small.  The resulting Schrodinger equation is then solved for a deformed 
harmonic oscillator mean-field potential.  The oscillator frequencies are determined self-
consistently from numerical energy minimization subject to constant nuclear volume condition. 
 For the nucleus 2010 Ne  the excitation energy and quadrupole moment are calculated for the 
ground-state rotational band with various nucleon configurations with and without self-
consistency.  The results show that the model predictions have trends similar to those of the 
conventional cranking model except for the intrinsic angular momentum, which has a negative 
value and reaches its limiting value at a lower angular momentum.  The predicted excitation 
energy is higher than that observed in the experiment except in the case of a configuration with 
reduced deformation and in the case where the self-consistency is restricted to J = 0 state only.  
The predicted quadrupole moment is lower than that observed in the experiment.  The irrational 
flow component in the rotation of the rotating frame is found to have small effect on the results.   
17 
 
 The above results seem to indicate that rigid-flow prescription for the rotating frame may 
not be adequate and we need to include also other types of flows such as non-quadrupole type.  
These flows will be considered in part II of this article.   
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